Phenylbutyrate is a multifaceted drug that exerts neuroprotective effects and reverses the Alzheimer´s disease-like phenotype of a commonly used mouse model.
4-Phenylbutyrate (PBA) is a histone deacetylase (HDAC) inhibitor whose efficacy in the Tg2576 mouse model of Alzheimer´s disease (AD) is correlated with decreased tau phosphorylation, clearance of intraneuronal Aβ and restoration of dendritic spine density in hippocampal CA1 pyramidal neurons. PBA is also a chemical chaperone that facilitates cell proteostasis. To determine the relative contributions of HDAC inhibition and chaperone-like activity in the anti-AD effects of PBA, we compared the effect of PBA with that of sodium butyrate (NaBu), an HDAC inhibitor with no chaperone activity. In neuronal cultures from Tg2576 mice, we observed a correlation between histone 3 acetylation and decreased p-tau levels. Moreover, we observed a decrease in the processing of the amyloid precursor protein (APP) in Tg2576 neurons treated with PBA, but not with NaBu. In Tg2576 mice administered PBA or NaBu for 3 weeks, only PBA normalized the pathological AD markers, implicating, at least in part, other mechanism as the chaperone-like activity in the reversal of the AD-like phenotype of Tg2576 mice. Furthermore, treatment with PBA but not NaBu prevented the neuronal loss in the hippocampus of hAPPWT-overexpressing mice, as was particularly evident in the CA1 layer. In addition to its activity as a HDAC inhibitor, the chaperone activity of PBA appears to at least partially, mediate its reversal of the AD phenotype in Tg2576 mice and its neuroprotective effect in a model of hippocampal neuronal loss.